A member of tetraspanin CD151 is a scaffold protein of laminin-binding integrins and it plays an important role in stable interaction between cells and basement membrane. Although the upregulation of CD151 in tumor cells is thought to accelerate tumor invasion and metastasis, detailed pathological investigation on CD151 and its association with integrins has not been well documented, yet. In the present study, we showed that the expression levels of CD151 and its associated integrin subunits in epidermal carcinoma cell HSC5 were higher than those in immortalized epidermal cell HaCaT. By the stimulation of epidermal growth factor, CD151 was dissociated from cell surface and dispersed in the cytoplasm, and a3b1 integrin was concomitantly internalized. To understand the significance of CD151 in tumor cell dynamics, CD151 in HSC5 was knocked down (HSC5 CD151À ), and the expression of integrin subunits and matrix metalloproteinases (MMPs) were investigated. In HSC5
The interaction between epithelial cells and basement membrane is supported by special adhesion complexes called hemidesmosome and focal adhesion. Hemidesmosome includes a6b4-integrin and provides the linkage between the intracellular keratin filament system to laminin of extracellular matrix (ECM). 1, 2 Focal adhesion includes a3b1-integrin and controls actin-based cytoskeletal rearrangement. 3 These integrin subsets are critical in various physiological and pathological events, that is wound healing and tumor invasion. In several tumor types, altered expression of integrins has been reported. For example, the expression level of a6b4-integrin increased during carcinogenesis of the skin, 4 and its upregulation is correlated with poor prognosis in several types of carcinomas.
5 a3b1-integrin was also shown to be upregulated in several advanced tumors. 6, 7 In contrast, some other studies reported the downregulation of a6b4-and/or a3b1-integrins in certain advanced carcinomas. [8] [9] [10] Collective pathological studies suggest that the expression of integrins in tumor cells can be upregulated or downregulated, or the lost polarity depending on invasive activities at local lesions and proinflammatory microenvironments of tumor nests.
CD151 is a member of tetraspanin, and is expressed in a wide variety of cell types such as hematopoietic cells, epithelial cells and tumor cell lines. [11] [12] [13] [14] The interaction of CD151 with a3b1-integrin is known to be highly stable and stoichiometric, 15, 16 and it is believed that CD151 associates directly with a3b1-integrin. 17, 18 The association between CD151 and a6b4-integrin is also strong, which seems to be important in the pathophysiology of basal epithelial layer, because CD151-a6b4-integrin complex composes hemidesmosomes and links to the basement membrane. 19, 20 In tumor progression, CD151-transfected carcinoma cells obtained the ability of invasion and metastasis. 21 The expression level of CD151 was correlated with poor prognosis in colon cancer. 13, 22 These reports suggest that CD151 may contribute to tumor progression. However, the importance of CD151 in association with upregulation or downregulation of lamininbinding integrins remains to be elusive. The recent studies on CD151 demonstrated the internalization of CD151 with a6b4-integrin in pancreatic adenocarcinoma cells in vitro, 23 and the dissociation of CD151 from laminin-binding integrins in migratory basal keratinocytes in vivo. 24 For better understanding of tumor migration and invasion, it is important to investigate the role of CD151 in integrin-dependent interaction between tumor cells and ECM.
In the present study, we investigated the expression of CD151 and laminin-binding integrins in epidermal-derived carcinoma cell HSC5. To understand the importance of CD151 in carcinoma cell migration, CD151 was knocked down and the effects on the distribution of laminin-binding integrin subunits, adhesion strength and the expression of matrix metalloproteinases (MMPs) were investigated. We demonstrated striking redistribution of a3b1-and a6b4-integrin subsets, attenuated adhesion strength and downregulation of MMPs.
MATERIALS AND METHODS Reagents and Cells
Monoclonal antibodies against clones 14A2 and 11G5a that recognize different sites of CD151 25 were purchased from BD Biosciences (San Diego, CA, USA) and Serotec (Oxford, UK), respectively. Monoclonal antibodies against CD9-, a3-, a6-, b1-integrins (DakoCytomation, Tokyo, Japan), CD63, CD81 (Novocastra, Newcastle upon Tyne, UK), CD82 (Santa Cruz Biotechnology, Santa Cruz, CA, USA), a2-, b4-integrins (BD Biosciences), MMP2, MMP7 and MMP9 (Daiich Fine Chemical, Toyama, Japan) were used with dilution of 1:100. Mouse immunoglobulin fraction was used as a negative control with dilution of 1:100. Human epidermal carcinoma cell line HSC5, established from the squamous cell carcinoma of the auricle skin, was obtained from Japanese Collection of Research Bioresources (Tokyo, Japan), and ovarian carcinoma cell line HTOA was obtained from RIKEN BRC Cell Bank (Tsukuba, Japan). Human immortalized keratinocyte HaCaT was kindly provided by Dr NE Fusenig. 26 The cells were maintained in DMEM, supplemented with 10% fetal calf serum, 1% penicillin and streptomycin at 371C in 5% CO 2 . Epidermal growth factor (EGF) was purchased from R&D Systems (Minneapolis, MN, USA).
RNA Isolation
Total RNAs were obtained using RNeasy Mini kit (Qiagen Hilden, Germany) and cDNA synthesis was performed using QuantiTect Reverse Transcription kit (Qiagen).
RT-PCR and Real-Time RT-PCR Reverse transcriptase-mediated (RT)-PCR was carried out with the following primers: (forward, F) 5 0 -GCTGGA GATCATCGCTGGTATC-3 0 and (reverse, R) 5
0 -CCACCCATGGCAAATTCC-3 0 and (R) 5 0 -TGAT-GGGAT TTCCATTGATGAC-3 0 for GAPDH. Conditions for PCR were as follows: at 951C for 5 min, 30 cycles at 951C for 15 s, 581C for 15 s, 721C for 1 min, with an extension step of 7 min at 721C. For real-time RT-PCR analysis, QuantiTect SYBR Green PCR kit (Qiagen) was used. Conditions for PCR were at 501C for 2 min, at 951C for 15 min, 40 cycles at 951C for 30 s and at 601C for 30 s.
siRNA Transfection
The cells were transfected with siRNA using RNAiFect Reagent (Qiagen) according to the manufacturer's instructions. The siRNA directed against CD151 was 5 0 -UGGGU GAGUUCAACGAGAAGAAGAC-3 0 . The concentration of siRNA was 10 mg/5 ml per dish. Control siRNA (nonsilencing) was purchased from Qiagen. In each examination, the efficiency of siRNA transfection was checked by fluorescence microscopy using FITC-labeled siRNA. Transfected cells were harvested at 48 h. The purity of CD151-negative cells was checked by FACScan (Becton Dickinson, Mountain View, CA, USA) each time before analysis.
Fluorescence Cytostainings
Chamber slides were washed with PBS, fixed with 4% paraformaldehyde for 10 min and stained according to the manufacturer's instruction. In addition to CD151 and integrins, MMP2, MMP7, MMP9 and phosphotyrosine (Upstate, Lake Placid, NY, USA) were used for fluorescence
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Flow Cytometry
Cell suspensions were stained with CD9, CD63, CD81, CD82, CD151 or integrins listed above, followed by FITC-conjugated goat anti-mouse immunoglobulins (ICN Pharmaceuticals, Aurora, OH, USA). The cells were cultured under the condition of 5 Â 10 6 cells in 10 cm dish for 24 h, then harvested using EDTA (ICT Pharmaceuticals, Aurora, OH, USA) containing 5% trypsin. Cells were analyzed on flow cytometry (FACS), and relative mean fluorescence intensity (MFI) was quantified as absolute MFI/MFI of negative control cells using CELLQest software 2.1.1 (Becton Dickinson). The experiment was repeated three times and the expression levels were expressed as the mean7s.e.
In Vitro Morphogenesis Assay
Matrigel (BD Biosciences) was placed on 24-well plates (300 ml/well) and allowed to solidify at 371C for 30 min. Other wells were coated with 2 mg/cm 2 of laminin (Sigma). Laminin-5 was prepared according to the method described previously. 27 Time-lapse morphological analysis was performed for 24 h using CCD camera VB-7000 (Keyence, Osaka, Japan). All the results were obtained from at least three independent experiments.
In Vitro Adhesion and Detachment Assays Static adhesion assay and detachment assay were performed using the methods described previously. 28, 29 Briefly, 10 5 cells were washed with 2% BSA and seeded onto laminin-coated (2 mg/cm 2 , Sigma) 24-well plates. After 0.5, 1 and 2 h, adherent cells were counted in three independent fields, respectively. The adherent cells were imaged using an inverted light microscope at Â 20 objective, photographed by Olympus DP12 in three independent fields in triplicate wells, and the cell numbers were counted. For detachment assay, 10 5 cells were incubated for 24 h, and treated with trypsin/EDTA for 0, 1, 2, 3 and 5 min, respectively. For centrifugal forcebased detachment assay, laminin adhesion was led to occur for 30 min. The wells of the plate were then completely filled with medium containing 0.35% BSA and sealed. The plates were inverted and centrifuged for 8 min at increasing forces (500, 750 and 1000 g). Detachment-resistant cells were counted using the same method as described above.
Immunoprecipitation Assay
A total of 200 mg of cell lysate in M2 buffer (20 mM Tris-HCl, pH 7.6, 350 mM NaCl, 3 mM EDTA, 2 mM DTT, 0.5 mM phenylmethylsulfonyl fluoride, 20 mM b-glycerophosphate and 0.5% NP-40) was mixed with 5 mg of antibody prebound to protein G plus/protein A agarose (Calbiochem) at 41C overnight. Immune complexes were washed three times and then loaded on 12.5% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The blots were probed with specific antibody. Rabbit polyclonal antibodies against b1 (Santa Cruz), b4 (Chemicon), goat polyclonal antibody against a3 (Santa Cruz), and mouse monoclonal antibodies against a6 (Merck), MMP2, MMP7 and MMP9 (Daiich Fine Chemical) were used.
Western Blot
Fifty micrograms of cell lysate proteins were electrophoresed on 12.5% SDS-PAGE and transferred to a PVDF membrane (Millipore, Bedford, MA, USA). Horseradish peroxidaseconjugated IgG (1:2500) was used as the secondary antibody. Bands were detected using an enhanced chemiluminescence system, according to the Hybond ECL protocol (GE Healthcare, Buckinghamshire, UK).
Zymography
Culture medium (CM) was prepared from either HSC5 or HTOA cells. A total of 10 5 cells were cultured in 1 ml of serum-free DMEM for 48 h, then 10 ml of CM was electrophoresed at 41C in 10% crosslinked SDS-PAGE, containing either 0.1% gelatin (Difco, Detroit, MI, USA) or casein (Wako, Osaka, Japan). Following electrophoresis, the gel was washed with 2.5% Triton X-100 followed by incubation in Tris-HCl, 0.5 mM CaCl 2 , 10 À6 M ZnCl 2 , pH 8.0, at 371C for 16 h. Coomassie brilliant blue staining was then carried out.
Statistical Analysis
Values were expressed as the mean7s.e. Student's t-test was used for statistical evaluation in FACS and real-time RT-PCR data. One-way ANOVA was used in adhesion assay and detachment assay. Statistical significance was assumed when Po0.05 was obtained.
RESULTS

Expression of Tetraspanins and Integrins, and Direct Interaction of CD151 with Laminin-Binding Integrins in Epidermal-Derived Carcinoma Cells and Immortalized Keratinocytes
We compared the expression levels of CD151 and associated integrins between epidermal-derived carcinoma cell line HSC5 and immortalized keratinocyte HaCaT (Figure 1a-c) . It was reported that the monoclonal CD151 antibodies 11G5a and 14A2 showed different staining patterns in cardiac muscles and intestinal mucosa, indicating that these clones recognize different epitopes of CD151. 25 In our preliminary experiments, epidermal keratinocytes and hair follicles were positive for 11G5a and 14A2, and the former showed diffuse stainings in both basal and squamous layers whereas the latter showed restricted stainings in basal layer (data not shown). In this study, we used both clones to investigate CD151. Four other tetraspanins (CD9, CD63, CD81 and
The role of CD151 in carcinoma-stroma interaction M Hasegawa et al CD82) were also investigated. By FACS, CD9 was highly expressed, and 11G5a-recognized CD151 was also significantly expressed both in HSC5 and HaCaT. HSC5 showed higher expression of these molecules than HaCaT did ( Figure  1a ). 14A2-recognized CD151 is expressed at high level in HSC5 but at much lower level in HaCaT. MFI of CD63, CD81 and CD82 were either at very low or negative levels in both cell types. The expression levels of a2, a6-, b1-and b4-integrin subunits were higher in HSC5 than in HaCaT ( Figure 1b) . We also examined the expression of these molecules in another epidermal carcinoma cell line HSC1, and obtained similar results, although the MFI of CD151 was lower than that in HSC5 (data not shown). FACS results suggested that these tetraspanins and integrins were upregulated in invasive epidermal carcinoma cells. However, it should be noted that HaCaT is an immortalized cell and that the results may not represent the differences between epidermal carcinomas and normal keratinocytes.
It is known that CD151 associates strongly with a3-and a6-integrin subsets in several cell types including epithelial cells and hematopoietic cells. To investigate whether CD151 in HaCaT and HSC5 interacted with these integrins, immunoprecipitation assay was performed. The bands of a3-, a6-, b1-and b4-integrin subunits were detected respectively (Figure 1c) , demonstrating that CD151 in these cells formed complexes with the laminin-binding integrin subsets.
Dissociation of CD151 and Re-localization of Laminin-Binding Integrins Under Migratory Stimulation
To understand the roles of CD151 in tumor migration, HSC5 was treated with EGF at the concentration of 10 ng/ml for 24 h under serum-starved condition (Figure 2a-d) . HSC5 expressed EGF-receptor at high level (data not shown), and we confirmed that HSC5 was actually stimulated through EGF by detecting the internalization of phosphotyrosine (Figure 2a) . Under non-stimulatory condition, 11G5a-recognized CD151 was localized at cell-cell boundaries and basal contacts, and also in the cytoplasm (Figure 2b, left) . 14A2-recognized CD151 was localized at membranous regions and basal contacts, but less significant in the cytoplasm (Figure 2b, right) . It is known that up to 66% of total cellular CD151 is localized at cytoplasmic compartments in HUVEC cells. 30 Therefore, CD151 in HSC5 is thought to be localized both at cell-cell boundaries and in the cytoplasm, and cytoplasmic CD151 can be detected by 11G5a more clearly. By EGF stimulation, both 11G5a-recognized and 14A2-recognized CD151 became dispersed markedly in the cytoplasm, and the re-distribution patterns of 11G5a and 14A2 were almost identical (Figure 2c) . In Western blot analysis, neither the band intensity nor the molecular size of CD151 in EGF-stimulated HSC5 was changed (data not shown), excluding the possibility that diffuse cytoplasmic stainings reflected cleaved or newly produced CD151 protein within 24 h by EGF stimulation. The role of CD151 in carcinoma-stroma interaction M Hasegawa et al
Next, we examined the re-distribution of a3b1-and a6b4-integrins by EGF stimulation. In control non-stimulating HSC5, a3-and b1-subunits were localized mainly at cell-cell boundaries, and a6-and b4-subunits were detected mainly at basal regions (Figure 2d , left panels). When the cells were stimulated by EGF, the intensities of cytoplasmic stainings increased in a3-and b1-subunits, whereas a6-and b4-subunits were re-localized from basal to basolateral regions (Figure 2d , right panels). Collectively, it was suggested that CD151 was dissociated dynamically from adhesive sites in response to EGF stimulation, and that laminin-binding integrins were re-localized concomitantly with CD151 dissociation. Re-distribution of a3-, b1-, a6-and b4-subunits by EGF stimulation. In the cells without EGF stimulation, a3-and b1-subunits are localized at membranous regions, whereas a6-and b4-subunits are localized at basal areas (left panels). After EGF stimulation, a3-and b1-subunits are internalized whereas a6-and b4-subunits are re-localized to basolateral edges (right panels). Bars indicate 10 mm for fluorescent cytostainings.
The
Preparation of HSC5
CD151À Using siRNA To investigate the roles of CD151 in integrin-dependent cell-ECM interaction, siRNA against CD151 was transfected into HSC5 (HSC5 CD151À ) (Figure 3a-c) . Non-silencing siRNAtransfected HSC5 cells (control HSC5) were prepared for comparison. By FACS analysis, the expression level of CD151 in HSC5
CD151À was almost completely negative, which was examined by 11G5a and 14A2 antibodies, respectively ( Figure  3a) . In contrast, the surface expression level of another tetraspanin CD9 in HSC5 CD151À was as highly positive as that in control HSC5. By fluorescence cytostainings, neither intercellular nor cytoplasmic stainings were detected in HSC5 CD151À cells. CD9 stainings at intercellular boundaries were detected clearly in both control HSC5 and in HSC5 CD151À (Figure 3b ). Quantitative RT-PCR revealed that the expression level of CD9 was not significantly changed in HSC5 CD151À (Figure 3c ). We also confirmed the knockdown of CD151 by Western blot, in which neither the band intensity nor the molecular size of CD9 was changed (data not shown). The results strongly suggested that the knockdown of CD151 did not change CD9 expression in this cell. However, further study is required to understand whether the function of CD9 is affected by CD151 knockdown through either direct or indirect mechanism.
Morphological Alteration of HSC5
CD151À on ECM Control-HSC5 and -HSC5 CD151À cells were cultured on Matrigel (from BD Biosciences) or laminin (from Sigma), (Figure 3d, upper right) . On laminin-coated plates, morphological differences became significant in 8-9 h. Control-HSC5 cells became flat and adhered to laminin firmly (Figure 3d, lower left) . HSC5 CD151À cells did not become flat, instead, were hemispherical in shape and attached to laminin by extending protrusions (Figure 3d, lower right) . Cytoskeletal stainings showed that, in HSC5 CD151À , actin filaments formed stress fibers (Figure 3e ). Significant morphological alteration indicated that tumor cell-ECM interaction was loosened by CD151 knockdown and that the presence of CD151 might be critical for stable adhesion of the cells to ECM.
Attenuated Surface Expression of Integrins in HSC5
CD151À Cells To clarify whether CD151 knockdown affects the expression levels of several integrin subunits on cell surface, FACS analysis was performed (Figure 4a and b) . MFI of a3-and a6-subunits were shown to be markedly downregulated. MFI of b1-and b4-subunits were also downregulated, but high expression levels of these b-subunits were preserved, indicating that b-subunits might be indirectly affected by CD151 knockdown. The bands of these integrin subunits were clearly detected both in control HSC5 and HSC5
CD151À by RT-PCR (Figure 4c ). Real-time RT-PCR showed that the expression levels of these integrin subunits were not markedly changed although statistical significance was observed in a6-subunit (Figure 4d ). It was reported that a3-and a6-integrins were clearly detected in the tissues of CD151-null mice. 31 Taken together, the results suggested that these integrin subunits were not quantitatively downregulated but internalized in part by CD151 knockdown.
Re-Distribution of Integrin Subunits in HSC5
CD151À Cells Previous studies have elucidated the importance of CD151 in the stabilization of laminin-binding integrins. However, the status of the integrins in the absence of CD151 has not been well documented, because mutant CD151 may not dissociate from integrin complex and site-specific CD151 antibodies may not inhibit the recruitment of integrin-free CD151 to adhesion complex. We compared the localization of a3-, a6-, b1-and b4-subunits between HSC5 CD151À and control HSC5 on laminin. In control HSC5, the expression patterns of these integrin subunits were similar to those in original HSC5, as shown in Figure 2d . In contrast, in HSC5 CD151À , staining patterns of the integrins were significantly changed. The accumulation of a3-and b1-subunits at cell-cell boundaries became unclear, and perinuclear cytoplasmic stainings were clearly demonstrated (Figure 4e, left) . a6-and b4-subunits were re-distributed from basal sites to perinuclear regions and basolateral edges (Figure 4e, right) . These findings supported the notion that CD151 may stabilize a3b1-integrin by strengthening high-affinity conformation of the heterodimer to bind firmly to laminin. 32 The internalization of a3b1-integrin and basolateral accumulation of a6b4-integrin bore resemblance in part the feature of EGF-induced migratory form (Figure 2d ) in which CD151 was dissociated from adhesion complexes.
Cellular Adhesion Strength was Attenuated by CD151 Knockdown
To understand whether integrin-dependent cell-binding ability onto laminin is affected by CD151 knockdown, we investigated the adhesion strength of HSC5 CD151À cells (Figure 5a-c) . In adhesion assay, it was shown that both control-HSC5 and -HSC5 CD151À cells adhered onto laminin at almost similar levels (Figure 5a ). In contrast, in detachment assay, it was shown that the adhesion strength in HSC5 CD151À cells was significantly attenuated compared with that in control HSC5 (Po0.01; Figure 5b ). Centrifugal forcebased detachment assay also demonstrated the impaired adhesion strength of HSC5 CD151À cells (Po0.01; Figure 5c ). The results suggested that CD151 might not be indispensable for tumor cell adhesion to ECM, but that CD151 might be critical for supporting strong interaction between tumor cells and ECM by mediating the localization and conformation of its partner integrin subsets.
The Expression of MMPs was Suppressed by CD151 Knockdown
In tumor invasion, proteolytic activity is crucial for destruction and remodeling of surrounding stroma. MMPs are the key enzymes responsible for tumor invasion, controlled in part by integrin-mediated pathways. 33 Recently, it was reported that CD151 was co-immunoprecipitated with MMP7 in rectal carcinoma cells. 34 To understand whether CD151 mediates MMPs production in epidermal carcinoma cells at transcriptional level, we did quantitative RT-PCR. The expression levels of MMP2, MMP7 and MMP9 were downregulated in HSC5 CD151À , and statistical significance was detected in MMP7 and MMP9 (Figure 6a and b) . In Western blot analysis, the bands of MMP2, MMP9 and MMP7 were detectable in the lysate of control HSC5 and HSC5 CD151À , and the band intensities of these MMPs were slightly stronger in the former than the latter (Figure 6c ). We investigated further the secretion levels of MMPs by zymography. A total of 10 ml of CM from 1 Â 10 5 cells for 48 h were added onto the gel. The bands of MMP2 and MMP9 were clearly detected both in the CM of control HSC5 and HSC5
CD151À
. However, the band intensities were weaker in the latter group ( Figure  6d ). The band of MMP7 was detected in the CM of control HSC5 concentrated 10 times but not in that of HSC5 CD151À (Figure 6e, upper panels) . Since the expression level of
The role of CD151 in carcinoma-stroma interaction M Hasegawa et al MMP7 in HSC5 was rather low, we examined whether MMP7 secretion was really suppressed by CD151 knockdown in a different cell line that produced endogenous MMP7 abundantly. An ovarian carcinoma cell HTOA was CD151 positive (data not shown) and produced significant amount of MMP7. Control HTOA was shown to secrete MMP7 clearly. In contrast, MMP7 band was almost invisible in HTOA CD151À (Figure 6e , lower panels). Therefore, we carried out immunoprecipitation assay to understand whether CD151 interacts directly with MMPs. MMP7 was co-immunoprecipitated with CD151. MMP2 and MMP9 did not show significant bands (Figure 6f ). Since it is known that MMP7 is often detected specifically in the tumor cells of invasive front, 35, 36 we examined the localization of MMP7 in HSC5 cells on laminin. In the colonies that formed stable cell-cell adhesion, MMP7 was faintly distributed in perinuclear area in the cytoplasm (data not shown). In contrast, in migrating single cells, MMP7 was clearly expressed and was colocalized with CD151 in peri-nuclear cytoplasm and at the leading edges (Figure 6g, arrowheads) . Collective data suggested that CD151 might contribute to effective tumor proteolytic activities by controlling MMPs production . In a3-and b1-subunits, membranous stainings become unclear, and strong perinuclear stainings are demonstrated. In a6-and b4-subunits, diffuse basal stainings are disappeared, and they are detected either in perinuclear regions or basolateral edges. Bars indicate 10 mm for fluorescent cytostainings.
The role of CD151 in carcinoma-stroma interaction M Hasegawa et al and secretion. Especially, the direct interaction between CD151 and MMP7 might be critical in integrin-mediated proteolysis.
DISCUSSION
The principal role of CD151 in epithelial cells under physiological condition is thought to stabilize cell-ECM The role of CD151 in carcinoma-stroma interaction M Hasegawa et al adhesion system by associating with a6b4-integrins at hemidesmosomes and tethering a3b1 at cell-cell boundaries. 17, 18 In b4-integrin-deficient epidermolysis bullosa PA-JEB keratinocytes, CD151 and a3b1-integrin were clustered together at basal sites, and when transfected with b4-integrin, CD151 bound more strongly to a6b4 than to a3b1 in vitro, 19 which indicates that CD151 contributes to the stabilization of hemidesmosomes for maintaining proper cell-ECM interaction. In addition to the studies on adhesive cells, several studies on hematopoietic cells and immune cells have elucidated the importance of CD151 in physiological activities of non-polarized cells.
37 CD151 in these cells are co-immunoprecipitated with several types of integrin repertoire, and cellular motility is affected by the antibodies against CD151-integrin complexes. Therefore, CD151 in non-polarized cells is involved at least in cell-cell and cell-matrix events such as lymphocyte-endothelium interaction and platelet aggregation. These events suggest that CD151 participates not only in cell stabilization but also in migratory process. In tumor cells, the expression patterns and dynamics of a3b1-and a6b4-integrins can be heterogonous depending on tumor cell types and microenvironments. 38 Currently, the importance of CD151 in tumor migration in association with cytological localization of laminin-binding integrins and proteolytic activities is not well understood.
In the present study, we demonstrated that (i) The expression levels of CD151 and laminin-binding integrins in an epidermal carcinoma cell HSC5 were higher than those in an immortalized keratinocyte HaCaT; (ii) Knockdown of CD151 resulted in cytoskeletal rearrangements, impaired adhesion strength and re-localization of laminin-binding integrin subunits and (iii) The expression levels of MMP2, MMP7 and MMP9 were downregulated by CD151 knockdown and CD151 was directly associated with MMP7. These results suggested that the presence of CD151 was critical for stabilizing the localization of laminin-binding integrins and that the upregulation of CD151 was favorable for tumor cells to exert strong proteolytic activity by producing and secreting MMPs.
Depletion of CD151 from tumor cells resulted in attenuated adhesion strength in this experiment, which was consistent with those reported in the platelets of CD151-null mice and of NIH 3T3 cells transfected with mutant CD151. 14, 31 In tumor cells, it remains unclear whether the dissociation or depletion of CD151 actually impairs cell motility, or increases the ability of cell motility. Varied results have been reported; treatment of HaCaT with a CD151 monoclonal antibody induced cell migration, 24 and the melanocytes transfected with CD151-siRNA enhanced cell motility, 39 whereas CD151-silenced A431 cells showed impaired cell motility. 40 In the present study, we demonstrated the downregulation and re-distribution of laminin-binding integrin subunits by CD151 knockdown. Although the cell types and experiment systems used in the studies were different, it is indicated that the dissociation of CD151 from adhesion complexes could induce the cytoskeletal rearrangement and morphological alteration, which could be interpreted as a feature of increased motility. However, attenuated cell-ECM interaction and proteolytic activities may represent a feature of reduced migratory potential. Since tumor cells can change contact sites and interaction strength sequentially, the role of CD151 in tumor cells should be considered in the context of cell dynamics and tumor microenvironments.
The contribution of some tetraspanins including CD151 to MMPs expression has been demonstrated in previous works. 34, 41 In this study, the expression of MMP2, MMP7 and MMP9 were downregulated by CD151 knockdown (Figure 6a-e) . Immunoprecipitation assay and double stainings demonstrated that CD151 was colocalized with MMP7 ( Figure 6f and g ). The finding, together with the notion that MMP7 is expressed preferentially at the leading edge of tumor invasive sites, 34, 35 indicates that CD151-MMP7 complex may play an important role in integrinmediated proteolytic activity during tumor invasion. MMP2 and MMP9 were not co-immunoprecipitated with CD151, but we cannot exclude the possibility that these MMPs may associate with CD151 either directly or indirectly. A recent study using melanoma cells showed that transfected CD151 activated AP-1 sites in the MMP9 gene promoter by c-Jun binding to AP-1. 41 It should be further investigated whether CD151 transports specific MMP(s) to integrin-ligand contacting sites for effective proteolysis.
Currently, it remains to be enigmatic whether the upregulation of integrins reported in several aggressive tumors actually strengthen the integrin-ligand interaction or accelerate hemidesmosome-independent migration. 42, 43 Tumor cells may strengthen cell-ECM interaction to invade, 43 but may also loosen the interaction to relocate from primary site. To cope with changeable microenvironments, the scaffold molecules like CD151 might accelerate and decelerate outside-in signalings swiftly between integrins and ligands. It is necessary to extend the studies on CD151, other tetraspanins and associated integrins in relation to cell dynamics such as migration and invasion in progressive tumors.
